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The inhibitory effect of different drugs on pancreatic 
secretions was assessed in a patient with a posttrau- 
matic pancreatic-cutaneous fistula. The various drugs 
examined were: pancreatic enzymes, cimetidine, verap- 
amil, propantheline, acetazolamide, and somatostatin 
analog octreotide. Only fasting and octreotide reduced 
pancreatic secretion. The optimum dose of octreotide 
was 50 Mg bid given subcutaneously; increasing the dose 
up to 100 tid had no additional benefit. A stable 
pancreatic-cutaneous fistula is an excellent model to 
assess the effect of different therapeutic measures on 
pancreatic secretion. 



INTRODUCTION 

Under physiological conditions, the major stimuli for 
pancreatic exocrine secretion are food and gastric acid 
which mediate their response by stimulation of cholin- 
ergic neurons and gastrointestinal hormones such as 
secretin and cholecystokinin (1). Conversely, inhibition 
of these factors by alkalinization of the duodenum (2) 
and use of anticholinergic agents (3) and adrenergic 
agonists (4) reduces pancreatic secretion. Pancreatic 
enzymes have been shown to inhibit the exocrine secre- 
tions of the pancreas (5). Calcium channel blockers 
have been used since cholecystokinin increases calcium 
concentration in the acinar cells (6). Acetazolamide has 
been shown to inhibit pancreatic bicarbonate secretion 
(7). Finally, the role of somatostatin has been exten- 
sively studied (8). However, despite the scientific ra- 
tionale, these drugs have produced variable results, and 
the present study was designed to examine their effect 
under controlled conditions in a patient with a chronic 
pancreatic-cutaneous fistula. 

CASE HISTORY 

A 26-yr-old man developed signs of peritonitis fol- 
lowing blunt trauma to the abdomen. At laparotomy, 
pancreatic contusion was observed and a catheter was 
•eft in the pancreatic bed which started draining a clear 
fluid with a high amylase content of >80,000U/ml. An 
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endoscopic retrograde pancreatogram demonstrated a 
communication between the pancreatic duct and the 
fistula. The patient was kept fasting and treated with 
intravenous alimentation for 2 wk. The fistula output 
decreased to <300 ml/day, but when the feeding was" 
resumed the output increased to >800 ml/day. The 
patient remained in good health and was discharged 
with the understanding that if the fistula remained in a 
steady state for 6 months, surgical correction would be 
attempted. 

MATERIALS AND METHODS 

The fistulous drainage remained steady, and because 
the output could be accurately measured, we had an 
opportunity to examine the effect of various drugs in 
reducing pancreatic secretions. An informed consent 
was obtained and the Institutional Review Board ap- 
proved the study. 

Experiment 1 

These experiments were performed while the patient 
lived at home and ate an unrestricted diet. The pan- 
creatic fluid drained into an ileostomy bag applied to 
the abdominal wall. The patient was instructed to 
empty the bag into a graduated cylinder and record the 
date, time, and volume. The baseline output was re- 
corded for 13 days. The patient then received the fol- 
lowing medications: pancreatic enzymes (three Ilozyme 
tablets and three pancrease capsules with each meal) 
on days 14-17; verapamil (80 mg qid) on days 21-26, 
and cimetidine (300 mg qid) on days 28-32. 

Experiment 2 

The patient was hospitalized and received the same 
meals at about the same time each day. The total daily 
intake was 2800 calories, composed of 241 g carbohy- 
drate, 148 g protein, and 169 g fat. At 8 AM each day 
the bag was emptied and a 10-h study period was 
initiated; the bag was emptied every 2 h and the volume 
recorded. Five-milliliter samples were taken during the 
first 4 h and over the last 6 h to measure the protein 
content. A total of seven, 10-h study periods were 
performed on consecutive days. The first, third, and 
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fifth days served as control periods when no drug was 
administered. The second day was used to study the 
effect of 300 mg cimetidine administered p.o. at 10 PM 
the night before, and at 6 AM, 10 AM, and 2 PM the 
next day. The fourth day was used to test the effect of 
propantheline, 30 mg orally at 10 PM the night before 
and at 6 AM, 10 AM, and 2 PM. On the sixth day, 80 
mg verapamil was given p.o. at 10 PM the night before 
and at 6 AM, 10 AM, and 2 PM. On the seventh day, 
the patient fasted during the entire study period; protein 
analysjs of the pancreatic fluid was not performed. The 
final experiment consisted of obtaining six consecutive 
24-h fistula collections. During the first 24 h, the patient 
took no medications; the next 5 days the patient re- 
ceived acetazolamide, 500 mg qid. The fluid output 
and protein content of each 24-h collection was meas- 
ured. 

Experiment 3 

The patient was admitted to the General Clinic Re- 
search Center. These experiments were designed to 
examine the effect of octreotide (Sandostatin, Sandoz, 
East Hanover, NJ), and to determine its optimum dose. 
The patient was placed on a 2950 isocaloric diet and 
pancreatic enzymes (Ilozyme, four tablets with each 
meal) throughout the study period. The baseline output 
was recorded for the first 3 days. On day 4, 50 Mg 
octreotide were given subcutaneously (SQ) bid. After 2 
days (day 6), the dose was increased to 1 00 Mg bid, and 
after 4 days (day 10), was further increased to 100. Mg 
tid. Two days later, acetazolamide 250 mg qid was 
added to the treatment for 1 day. On day 13, both 
octreotide and acetazolamide were stopped and the 
output was recorded for 2 days before the study was 
terminated. 

RESULTS 

The results of experiment 1 are shown in Figure 1. 
The mean (±SD) baseline output over the first 1 3 days 
wafi 915 (±194) ml/day. There was no appreciable 
change in the fistula output after treatment with pan- , 
creatic enzymes (935 ±214 ml/day), verapamil (932 ± 
236 ml/day), and cimetidine (885 ± 162 ml/day). 

The results of experiment 2 are shown in Figure 2. 
There was no significant difference in the output during 
the control period (mean ± SD of three 1 0-h periods = 
336 ± 58 ml) compared with the output following use 
of cimetidine (378 ml), proban thine (405 ml), and 
verapamil (380 ml). On day 7, when the patient fasted 
the entire day, there was a sharp drop in the output to 
58 ml. Resumption of normal diet was followed by an 
increase in output to 550 ml over the next 24 h. There 
was no decrease in the fistula output with acetazolamide 
(mean ± SD = 54 1± 170 ml/day). There was no 
appreciable difference in the protein content of the 
fluid collected during the control period (880 ± 180 
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Fig. !. Daily output from the pancreatic-cutaneous fistula during r ' 
the first 13 days of baseline collection and after treatment with 1 ; 
pancreatic enzymes, verapamil, and cimetidine. None of the drugs 
had an appreciable inhibitory effect on the fistula output. v.-. ---.^-^.; 
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Fig. 2. Fistula output over 1 0-h collection periods each day during 
the control study and after treatment with cimetidine, probanthine, 
verapamil, and during fasting. None of the drugs produced any 
inhibition of pancreatic secretion. However, fasting resulted in an 
appreciable fall in the fistula output. 

mg/day) and after cimetidine (850 mg/day), proban- 
thine (1 100 mg/day), and verapamil (650 mg/day). 

The results of experiment 3 are shown in Figure 3. 
The fluid volume over the 3-day control period was 
435 ± 33.5 ml/day. Octreotide, 50 Mg bid, produced a. 
marked fall in the output (173 ± 21.2 ml/day). An; 
increase in the dose of octreotide to 100 Mg bid and 
then to 100 Mg tid did not further decrease the output^^| 
(165.2 ± 5.1 and 182.5 ± 23.3 ml/day, respectively)^! 
The addition of acetazolamide, 250 mg qid, to octree^ 
tide (100 Mg tid) had no further inhibitory effect (15.4 
ml/day). Cessation of octreotide therapy resulted in 
prompt increase in the output; mean (±SD) of 2-day^£| 
values was 376 (±80.1) ml/day. No adverse effect 
observed with any of the drugs. 
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F.g 3 Fistula output during each 24-h study period. Octreotide 
oroduced a marked fall in the fistula output. The optimum effect was 
n oduced by 50 »g bid, and no additional benefit was obtained by 
TncVeasing the dose of octreotide to 100 M g tid or by the addition of 
Diamox. 

probanthine, cimetidine, verapamil, pancreatic en- 
zymes acetazolamide, and octreotide should reduce 
pancreatic secretions. However, few of these agents 
have been assessed in a scientific manner. The present 
patient with a stable pancreatic-cutaneous fistula pro- 
vided us with an opportunity to examine these drugs 
under controlled conditions. Such a study is important, 
as it can help determine the role of various drugs in 
disorders requiring suppression of pancreatic secretion. 
Pancreatic fistulas are arbitrarily divided into low out- 
put (<200 ml/day) and high output fistulas (>200 ml/ 
day). According to this definition, our patient had the 

high output variety. 

The present study was carried out in three parts. The 
first set of experiments were carried out while the 
patient was at home. Although the patient's compliance 
with the study protocol was good, he had variable eating 
' habits, both in the timing of his meals and in the 
quantity of food eaten. The variability in the time at 
which the patient emptied the contents of the bag was 
reduced by assessing the mean output per day. In the 
experiments carried out at the hospital, the patient was 
fed isocaloric meals at the same time every day and the 
fluid output was carefully recorded. 

Fasting alone decreased the fistula output from an 
average of >300 ml over the 10-h study period to 58 
ml. This observation is in agreement with the encour- 
aging results obtained with total parenteral nutrition 
(9), and is perhaps related to the lack of meal-induced 
pancreatic stimulation. However, total parenteral nu- 
trition alone is often unsuccessful in closing a pancreatic 
fistula, and other methods of suppressing pancreatic 

secretion are required: 

A close association between duodenal acidification 
and pancreatic secretion has been demonstrated (2). 
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However, the effectiveness of reducing acid secretion 
has not been clearly demonstrated. To examine this, 
cimetidine was used in a dose of 300 mg qid. At this 
dose, cimetidine maintains the duodenal pH above four 
in most patients 90% of the time. However, there was 
no increase in the fistula output or its protein content. 
We did not measure the patient's baseline acid secretory 
status or its response to cimetidine treatment, but have 
no reason to suspect any abnormality in the acid- 
lowering effect of the drug in this patient. 

Pancreatic secretion is a calcium-dependent process 
(6), and secretagogues such as cholecystokinin and ace- 
tylcholine combine with specific membrane receptors, 
inducing a rise in intracytoplasmic calcium ( 1 0). How- 
ever, in a study on normal volunteers, verapamil had 
no effect on the basal and stimulated pancreatic secr^ 
tions (11), and in the present study also, verapamil 
failed to suppress the fistula output. 

Somatostatin has an inhibitory effect on pancreatic 
secretions irrespective of whether the pancreas is stim- 
ulated by meals (12) or by cholecystokinin (13).; So- 
matostatin has a short half-life of <3 min (14) whereas 
its analog, octreotide, which retains all the biologic 
effects of somatostatin, acts for 6-12 hr after SQ ad- 
ministration (15). The optimum dose of octreotide has 
not been determined, and doses varying from 50 Mg bid 
SQ to 250 Mg/h by iv infusion have been used (9, 16). 
In the present study, the optimum dose of octreotide 
was 50 Mg bid SQ\ a further increase in the dose to 100 
Mg tid had no additional inhibitory effect. 

Some workers have observed feedback inhibition of 
the pancreas by the use of pancreatic enzymes (5). 
However, other workers have found no inhibition of 
the pancreatic secretory output; indeed, even stimula- 
tion of the pancreatic secretions has been observed (17, 
18). In the present study, pancreatic enzymes had no 
inhibitory (or stimulatory) effect on pancreatic secre- 
tions. Analysis of different studies indicates that anti- 
cholinergics reduce pancreatic fistula output by 30- 
60%; both parenteral atropine and oral probanthine are 
equally effective (3). Similarly, the carbonic enhydrase 
inhibitor, acetazolamide, reduces pancreatic secretions 
(19). However, some workers have found anticholiner- 
gics (20) and acetazolamide ineffective (3) in reducing 
pancreatic secretion. In our patient, probanthine did 
not reduce either the volume or protein content of the 
fistula output. Similarly, acetazolamide failed to de- 
crease the fistula output when the drug was given alone 
and had no additive effect when it was administered 
with octreotide. 

In conclusion, the present study shows that a number 
of drugs such as pancreatic enzymes, cimetidine, ver- 
apamil, probanthine, and acetazolamide when tested 
under controlled conditions had no inhibitory effect on 
pancreatic fluid or protein output. This lack of effect 
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may be related to the fact that our patient had a high 
output (>200 ml/day) fistula which is generally more 
resistant to treatment. However, the complete absence 
of any effect argues against such a possibility. Only 
fasting and octreotide reduced pancreatic secretions. A 
dose response study with octreotide showed that the 
optimum dose is 50 Mg bid. A stable external pancreatic 
fistula is an excellent experimental model for the as- 
sessment of newer therapeutic modalities designed to 
reduce pancreatic secretion. 
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